Abstract-Recently, multiple-input multiple-output (MIMO) systems that realize a high bit rate data transmission with multiple antennas at both transmitter and receiver have drawn much attention for high spectral efficiencies. In MIMO systems, space division multiplexing (SDM) has been researched widely. In SDM, the input data symbols are transmitted from multiple transmit antennas at the transmitter, respectively, and the output data symbols are extracted by the signal processing at the receiver. In recent wireless communications, the environments that the number of transmit antennas is larger than that of receive antennas often exist. Under such environments, the MIMO system that transmits independent data streams from each transmit antenna simultaneously cannot separate the received signals, and the signal quality deteriorates largely. Therefore, we need the scheme that attains high quality and high throughput data transmission under such environments. In this paper, we propose a throughput maximization transmission control scheme for MIMO systems. The proposed transmission control scheme selects a transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) with maximum throughput based on signal to interference and noise ratio (SINR). We show that the proposed transmission control scheme attains high throughput by our computer simulation.
I. INTRODUCTION
Recently, multiple-input multiple-output (MIMO) systems that realize a high bit rate data transmission with multiple antennas at both transmitter and receiver have drawn much attention for high spectral efficiencies. MIMO systems are known to have larger capacity than single-input single-output (SISO) systems with single antenna. In MIMO systems, space division multiplexing (SDM) has been researched widely [1] - [3] . In SDM, input data symbols are transmitted from multiple transmit antennas at the transmitter, respectively, and output data symbols are extracted by the signal processing at the receiver. Undesired signals are suppressed out of multiple signals with beamforming at the receiver, and the systems can realize spatial multiplexing transmission.
When the number of transmit antennas is smaller than that of receive antennas, good spatial multiplexing transmission can be realized in usual beamforming scheme [2] . In recent wireless communications, the environments that the number of transmit antennas is larger than that of receive antennas often exist. Under such environments, the MIMO system that transmits independent data streams from each transmit antenna simultaneously cannot separate the received signals, and the signal quality deteriorates largely. Therefore, we need the scheme that attains high quality and high throughput data transmission under such environments. When the number of transmit antennas is smaller than that of receive antennas, the schemes that transmit signals with all the transmit antennas cannot necessarily attain high quality data transmission. That is, the schemes with stopping the transmission from some transmit antennas may perform better than the schemes with all the transmit antennas. Thus, it is possible to attain high quality data transmission by controlling a transmission scheme of signals.
As the scheme that controls the transmission scheme of signals for MIMO systems, the scheme that selects an optimum set of transmit antennas based on channel state information (CSI) are reported [4] - [6] . In [4] the scheme that selects an optimum set of transmit antennas so that the channel capacity is maximized is reported. In [5] [6] the scheme that selects an optimum set of transmit antennas and controls power adaptively so that the throughput of the system is maximized is reported.
In this paper, we propose a throughput maximization transmission control scheme for MIMO systems. The proposed transmission control scheme selects a transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) with maximum throughput based on signal to interference and noise ratio (SINR) and signal to noise ratio (SNR). The feedback information in the proposed transmission control scheme is less than that in MIMO systems with singular value decomposition (SVD), because the information on which transmission scheme is selected is only fed back to the transmitter in the proposed transmission control scheme. We show that the proposed transmission control scheme attains higher throughput than the SDM schemes and the selection transmit diversity schemes by our computer simulation.
II. SPACE DIVISION MULTIPLEXING
A MIMO system with AE transmit antennas and Å receive antennas is shown in Fig. 1 
There are various deciding schemes for the receive weight vector Ú . Each receive weight vector Ú is decided so that the output Ý ´Øµ approaches the signal × ´Øµ. For example, the weight vector is decided so that the weight vector Ú satisfies the eq. (3) in the weight decision based on the Zero-Forcing (ZF) criterion.
Eq. (3) shows the condition that the desired signal × ´Øµ is received strongly and the undesired signal × Ò´Ø µ (Ò ) is suppressed. The receive weight vector based on the ZF criterion is expressed as
where À denotes Hermitian transpose. In the Minimum Mean Square Error (MMSE) criterion, the weight vector is decided so that E ¢ Ý ´Øµ Ú Ì Ü´Øµ ¾ £ is minimized. The receive weight vector based on the MMSE criterion is expressed as
where È Þ denotes the noise power and Á denotes an identity matrix. The multiplex signal is separated and extracted by receiving signal with each weight vector Ú to each desired signal index , and we can realize spatial multiplexing transmission. When the number of transmit antennas AE is smaller than or equal to that of receive antennas Å´AE Å µ, eq. (3) can be satisfied. However, when the number of transmit antennas AE is larger than that of receive antennas Å´AE Å µ, eq. (3) cannot be satisfied. When AE Å , the undesired signal cannot be suppressed enough and the signal quality is degraded even if the MMSE criterion is used. Therefore, we need a scheme that attains high quality data transmission under such environments.
III. THROUGHPUT MAXIMIZATION TRANSMISSION
CONTROL SCHEME
In the proposed transmission control scheme, a set of transmit antennas is selected based on SINR. The modulation schemes and coding rates are also selected based on SINR. We explain the selection algorithm of the proposed transmission control scheme (a set of transmit antennas, modulation schemes, and coding rates).
Selection Algorithm of The Proposed Transmission Control Scheme
1) In the training section, specific pilot sequences are transmitted from each transmit antenna. The channel response is estimated at the receiver. 2) The SINRs for each set of transmit antennas are calculated with the estimated channel response.
3) The throughput of each transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) that satisfies the target packet error rate (PER) per transmit antenna is calculated based on the calculated SINR. The lookup table for the modulation schemes and the coding rates is prepared in advance. 4) The transmission scheme with the maximum throughput is selected and the information on which transmission scheme is selected is fed back to the transmitter. Fig. 2 shows a flow chart of the selection algorithm of the transmission control scheme. At the receiver, a set of transmit antennas is searched and output SINR is estimated. The throughput of each transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) based on SINR is calculated. Throughput is calculated for all the transmission schemes (a set of transmit antennas, modulation schemes, and coding rates). The transmission scheme with the maximum throughput is selected and the information on which transmission scheme is selected is fed back to the transmitter.
1) Estimation of Channel Response
In the training section, orthogonal sequences are transmitted as pilot sequences from all the transmit antennas. The channel response between the transmit and the receive antennas is estimated at the receiver. The channel matrix between the transmit and the receive antennas is expressed as Feedback the information on which transmission scheme is selected to transmitter 
where Ì ¼ denotes the pilot length and £ denotes the complex conjugate. The received signal is multiplied by the pilot signal and the channel is estimated.
2) SINR Estimation In calculation of the estimated SINR, the receive weight vector Ú Ò is calculated with the estimated channel vector Ò . In the MMSE criterion, the receive weight vector Ú Ò is expressed as
The output SINR is expressed as 
(1) SINR and SNR
Selection of transmission scheme with maximum througput Fig. 3 . The selection process of the proposed transmission control scheme for MIMO system with four transmit antennas and two receive antennas 3) Calculation of Throughput The throughput of each transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) that satisfies the target PER per transmit antenna is calculated based on SINR. Table 1 shows an example of the lookup table to select a modulation scheme and a coding rate so that the throughput is maximized based on SINR. As SINR becomes larger, the throughput becomes higher.
4) Selection of Transmission Scheme
The transmission scheme with the maximum throughput is selected out of all the transmission schemes. The information on which transmission scheme is selected is fed back to the transmitter.
For example, we consider the system with four transmit antennas and two receive antennas. Fig. 3 shows the selection process of the proposed transmission control scheme, where denotes SINR from the th transmit antenna, and Ê denotes the transmission rate from the th transmit antenna. 
3.) The throughput of each transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) that satisfies the target PER per transmit antenna is calculated based on the calculated SINRs. The lookup table for the modulation schemes and the coding rates is prepared in advance. For the system with four transmit antennas and two receive antennas, the proposed transmission control scheme has ten sets of transmit antennas: (1, 2), (1, 3), (1, 4) , (2, 3) , (2, 4) , (3, 4) , (1), (2), (3), (4) where the number in the bracket represents the transmit antenna number. 4 .) The transmission scheme with the maximum throughput is selected and the information on which transmission scheme is selected is fed back to the transmitter.
IV. SIMULATION RESULTS
We present the results of our computer simulation. Table 2 shows the simulation parameters. Fig. 4 shows the throughput versus È × È Þ per transmit and receive antennas for the proposed transmission control scheme, the selection transmit diversity scheme, and the SDM scheme. The selection transmit diversity scheme selects a transmission scheme (one transmit antenna, modulation schemes, and coding rates) based on SNR. The SDM scheme selects a transmission scheme (modulation schemes and coding rates) based on SINR. In condition that the power per transmit antenna is constant, the total transmit power changes according to the number of selected transmit antennas. When the power per transmit antenna is constant, we can use an amplifier with narrow dynamic range. In addition the signal transmission with the power as large as possible from each transmit antenna according to the channel attains higher throughput. Tx = denotes that the number of transmit antennas is . Rx = denotes that the number of receive antennas is . The throughput of the proposed transmission control scheme with Tx = 4 scheme, the signals are transmitted from four transmit antennas, which results in small SINR and the low throughput, while, in the proposed transmission control scheme, the signals are transmitted from a part of transmit antennas so that the SINR becomes large and the throughput becomes high. Moreover, when the È × È Þ is large, the throughput of the proposed transmission control scheme is higher than that of the SDM scheme. When the È × È Þ is large, even if the correlation of the channels is large and the interference between antennas is large, the signals are transmitted from a part of transmit antennas so that the SINR becomes larger and the throughput becomes higher in the proposed transmission control scheme. The throughput of the pro- Throughput (b/s/Hz) P/Pz (dB) Fig. 6 . The throughput versus È È Þ at the constant total transmit power for the proposed transmission control scheme, the selection transmit diversity scheme, and the SDM scheme, where È denotes the total transmit power.
posed transmission control scheme with Tx = 4 and Rx = 2 is also higher than that of the SDM schemes with Tx = 4 and Rx = 2, and Tx = 2 and Rx = 2 . When the È × È Þ is small, in the proposed transmission control scheme, the signals are transmitted from two transmit antennas that is the separable maximum number for two receive antennas so that the SINR becomes larger and the throughput becomes higher. The throughputs of the proposed transmission control schemes with Tx = 4 and Rx = 4, and Tx = 4 and Rx = 2 are higher than those of the selection diversity schemes with Tx = 4 and Rx = 4, and Tx = 4 and Rx = 2, respectively. This is because the number of sets of transmit antennas in the proposed transmission control scheme is large compared with that in the selection diversity scheme. Fig. 5 shows the selection probability for each set of antennas versus È × È Þ for the proposed transmission control scheme with Tx = 4 and Rx = 4. As È × È Þ becomes larger, more transmit antennas are selected. When the È × È Þ is small, the signals are transmitted from a part of transmit antennas so that SINR becomes large and the throughput becomes higher. When the È × È Þ is large, signals are transmitted from four transmit antennas so that the SINR becomes larger and the throughput becomes higher. Fig. 6 shows the throughput versus È È Þ at the constant total transmit power for the proposed transmission control scheme, the selection transmit diversity scheme, and the SDM scheme, where È denotes the total transmit power. In condition that the total transmit power is constant, as the number of selected antennas increases, the power per each transmit antenna decreases. The performance similar to Fig. 4 is found. The throughputs of the proposed transmission control schemes with Tx = 4 and Rx = 4, and Tx = 4 and Rx = 2 are higher than those of the SDM scheme with Tx = 4 and Rx = 4, and Tx = 4 and Rx = 2, respectively. The throughput of the proposed transmission control schemes with Tx = 4 and Rx = 4, and Tx = 4 and Rx = 2 are higher than those of the selection diversity schemes with Tx = 4 and Rx = 4, and Tx = 4 and Rx = 2, respectively. 
V. CONCLUSIONS
We have proposed a throughput maximization transmission control scheme that selects a transmission scheme (a set of transmit antennas, modulation schemes, and coding rates) with maximum throughput based on SINR and SNR for MIMO systems. We have shown that the proposed transmission control scheme attains higher throughput than the SDM scheme and the selection transmit diversity scheme by our computer simulation. The proposed transmission control scheme attains high throughput, regardless of the number of the transmit and the receive antennas. Therefore, the proposed transmission control scheme is effective to achieve high throughput in MIMO systems.
